Mitochondrial permeability transition in the switch from necrotic to apoptotic cell death in ischemic rat hepatocytes.
Ischemia/reperfusion can initiate both necrotic and apoptotic death of hepatocytes. Previous work showed that onset of the mitochondrial permeability transition (MPT) can initiate necrotic cell death after reperfusion, but the MPT is also implicated in apoptosis. Here, we investigated factors regulating how cell death switches from necrosis to apoptosis after ischemia/reperfusion injury. Overnight cultured rat hepatocytes were incubated in anoxia at pH 6.2 for 4 hours and reoxygenated at pH 7.4 to simulate ischemia/reperfusion. Some cells were incubated with fructose plus glycine just before and then continuously after reperfusion. Development of apoptosis was evaluated by examining chromatin condensation, nuclear DNA fragmentation, and caspase 3 activity. Reperfusion with the glycolytic substrate fructose plus the cytoprotective amino acid glycine prevented necrotic cell killing. Instead, apoptosis developed within 12 hours as shown by nuclear chromatin changes, TUNEL staining, and caspase 3 activation. This apoptotic cell killing was prevented by cyclosporin A, an MPT blocker, and by pancaspase and caspase 3 inhibition, but not by caspase 8 inhibition. Cyclosporin A also blocked caspase-3 activation. Reperfusion with glycine alone prevented necrotic cell death but did not induce apoptosis and only poorly promoted recovery of ATP, whereas fructose alone during reperfusion promoted both ATP recovery and apoptosis. Glycolytic ATP generation after reperfusion prevents necrotic killing of hepatocytes after simulated ischemia/reperfusion despite onset of the MPT. Instead, the MPT promotes caspase-and ATP-dependent apoptosis. Thus, the MPT is a common mechanism responsible for both necrosis and apoptosis after ischemia/reperfusion.